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Physiology.  — “On  the  relation  hetiveen  the  quantity  of  brain 
and  the  size  of  the  body  in  Vertebrate^'.  By  Prof.  Eugenk 
Dubois.  (Communicated  by  Prof.  H.  Zwaabdemakerj. 

(Communicated  in  the  meeting  of  November  29,  1913). 

It  IS  obvious  that,  in  general,  in  different  species  of  animals, 
the  relative  quantity  of  brain  must  be  a measure  for  the  degree  of 
(he  organisation  of  the  nervous  system.  There  are  however  still 
other  factors  influencing  the  quantity  of  brain.  In  the  first  place 
the  size  of  the  body,  but  especially  also  the  age  and  the  individual 
deviations,  further  possible  deviations  caused  by  the  living  of  the 
animal  out  of  the  state  of  nature. 

Of  these  factors  the  three  last  mentioned  ones  can  easily  be 
excluded,  the  age,  by  choosing  only  full  grown  animals  for  compa- 
rison, the  individual  deviations,  by  taking  averages,  or  (which  in 
some  cases  may  be  preferred)  by  choosing  individuals  representing 
the  norm.  Then  remains  still  the  factor  of  the  size  of  the  body. 
Its  mtliicnce  cannot  be  appreciated  by  simply  calculating  the  relative 
(pianiiiy  of  brain.  For  a long  time  it  has  been  known  already  that 
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in  this  wa}"  the  required  measure  for  the  organisation  of  the 
nervons  system  cannot  be  found,  but  on  the  contrary  false  relations 
are  obtained.  Then  Man  is  indeed  not  only  inferior  to  some  small 
Monkeys  but  even  to  the  Mouse.  Tlie  latter  would  then  be  four 
times  better  provided  with  brain  than  the  Brown  Rat,  and  the  Cat 
five  times  better  than  the  Tiger  or  the  Lion. 

In  general  we  tind,  not  only  in  Mammals,  but  in  all  Verte- 
brates, that  the  smaller  species  of  closely  allied  animals,  i-elatively 
to  the  weight  of  their  bodies,  have  a great  quantity  of  brain. 

If  we  exclude,  however,  as  much  as  possible,  the  above  mentioned 
factors  which,  besides  the  size  of  the  body,  influence  the  quantity  of 
brain,  if  we  tlius  compare  animals  taken  in  the  state  of  nature, 
which  are  as  near  as  possible  to  one  another,  systematically,  in  their 
manner  of  life  and  in  the  shape  of  their  bodies,  but  differ  as  much 
as  possible  in  the  size  of  their  bodies,  then  it  must  be  possible, 
to  discover  at  least,  if  it  is  not  a simple  proportion,  some  relation 
existing  between  the  quantity  or  mass  of  brain  and  the  size,  the 
weight  of  the  body. 

Abont  twenty  years  ago  the  necessary,  trustworth}^  evidences, 
chosen  and  explained  with  critical  discernme]if,  were  very  rare. 
Thankfully  it  may  be  remembered  here  that  it  was  Max  Weber,  who, 
by  procuring  them,  was  one  of  the  first  that  prepared  the  way  for 
the  treatment  of  this  problem,  at  least  in  so  far  as  regards  Mammals  ^). 

At  all  events  the  size  of  the  body  remains  a very  important 
factor  amongst  those  determining  the  quantity  of  brain,  for  the  Lion 
e.  g.  possesses  absolutely  7 limes  as  much  brain  as  the  Cat,  the 
Brown  Rat  6 times  as  much  as  the  Mouse.  Evidently  the  weight  of 
the  brain  is,  after  all,  a (mathematical)  function  of  the  weight  of  the 
body.  If  the  quantity  of  brain  does  not  increase  proportionally  to  the 
volume  of  the  body,  expressed  by  the  weight,  it  might  be  that  this 
is  really  the  case  with  regard  to  the  superficial  dimensions,  as  being- 
proportional  witli  the  receptive  sensitive  surfaces  and  with  the  sections 
of  the  muscles,  thus  measuring  the  passive  and  active  relations  of 
the  animal  to  the  outer  world,  for  which  in  this  way  the  quantity 
of  brain  can  be  a measure.  Then,  in  animals  equal  in  organisation 
and  shape,  but  not  in  size,  the  (jnantities  of  brain  must  increase  as 
2 

the  — power  or  the  power  0.6B..  of  the  weights  of  the  bodies. 

In  those  comparable  Vertebrates  of  different  sizes  the  longitu- 
dinal dimension  might  likewise  be  the  measure  of  the  (juantity  of 

q Especially  in  his  “Vorsludien  uber  dus  Hirngewiclit  der  Saugetliiere”.  Fest- 
schrift fdr  Carl  Gegenbaur.  Leipzig  1896. 
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brain,  on  aceonnt  of  the  segmental  structure,  and  the  movement  by 
the  contraction  of  rnnscle-fibres.  working  on  levers  proportional  (o 
the  length  of  the  body  in  this  tribe  of  animals. 

Again,  the  extension  or  the  specification  of  some  definite  receptive 
surface  (of  sense)  may  likewise  determine  the  quantity  of  brain.  As 
the  former  in  its  turn  must  be  a (mathematical)  function  of  the  size 
of  the  bodies  of  animals  that  are  equal  in  shape  and  organisation, 
it  must,  according  to  some  (arithmetical)  power-proportion  of  the 
weight  of  the  body,  be  one  of  the  factors  determining  the  quantity 
of  brain. 

However  insol vable,  at  first  sight,  the  problem  indicated  by  the 
title  of  this  communication  may  seem  to  be  — as  no  organ  is  more 
complicated  of  structure  and  in  its  physiology  more  obscure  than 
the  brain  — in  this  wa,y  it  must  be  possible  to  make  it  fit 
for  solution.  It  must,  at  .all  events,  be  possible,  likewise  for 
groups  of  animals  of  different  grades  of  organisation,  to  repre- 
sent the  cephalisation  by  figures,  and  thus  to  compare  them. 

Be  r the  required  exponent  of  correlation  (indicating  the  corre- 
lation of  the  brain  quantity  to  the  mass  of  the  body),  be  e (ence- 
phalon) the  weight  of  the  brain,  .?  (soma)  the  weight  of  the  body  of 
the  smaller  animal,  E and  ^ the  weight  of  the  brain  and 'the 
weight  of  the  body  of  the  larger  animal  and  k (kephalisation)  the 
coefficient  of  cephalisation,  equal  for  both,  then  we  have  the  following 
equations : 

E \ e :=  k S''  : ks'’ 

E:  e = S’"  : s’’ 

logE—loq  e 

r = ! — 

log  S-  log  s 

S’  s’" 

When  working  these  equations  by  evidences  contributed  by  Ma.v 
Weber  and  others  I found  in  J897')  at  a seven  times  repeated 

1)  file  proportion  of  the  weight  of  the  brain  to  the  size  of  the  bodv  in  Mammals 
Verhandelingen  der  Kon.  Akademie  van  Wetenschappen  te  Amsterdam.  Volume 
5.  No.  10.  Amsterdam  1897. 


Also  in  fi’rench  and  German  text  : Sur  Ic  rapport  du  poids  de  I’encepbale 
avec  la  grandeur  du  corps  d-ez  ies  Mammiferes.  Bulletins  de  la  Societe  d’An 
thropologie  de  Paris  1897.  p.  837-376. 

Ueber  die  Abhangigkeit  des  Hirngewichtes  von  der  Kdrpergrdsse  bei  den 
SauR-ptliiercn.  Airliiv  fur  Anthropologie.  Banc)  25.  Heft  1 und  2.  Braunschweio- 
Joy/,  p.  1 — 28.  ^ 
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calculation  for  each  time  two  Mammals  of  different  orders:  Primates, 
Ruminants,  Carnivores,  Rodents,  always  only  values  varying  mutually 

5 

between  0.54  and  0.58,  with  an  average  ot  0.56  or  about  — = 0.55  . . . 

to  9 


Arranging  according  to  Z'  calculated  in  this  way,  we  see  indeed 
the  great  confusion  prevailing  in  the  arrangement  of  Mammals  accord- 
ing to  the  relative  weights  of  their  brains,  give  place,  in  a generally 
satisfactory  manner,  to  an  arrangement  that  is  pretty  well  in  con- 
formity with  the  natural  system.  A few  deviations  continue  to  exist, 
the  Elephant  e.  g.  takes  his  place  between  Man  and  the  Anthropoid 
A})es,  the  Rodents  deviate  mutually  very  strongly.  Oji  the  other 
hand  the  different  beha\  ionr  of  Macrochiropteres  and  Microchiropteres 
indicates  rightly  their  different  origin. 

In  1905  the  above-mentioned  method  of  investigation  was  applied 
to  Birds  by  Louis  IjApicquk  and  Pif.hrk  Girard  ').  By  5 comparisons 
(Hooded  Cro’w — Jay,  Carrion  Crow — Jay,  Wild  Duck — Summer  Teal, 
Silvery  Gull — Sea  Swallow,  Buzzard — Kestrel)  they  obtained  for  r 
a value  that  was  so  near  the  one  I found  for  Mammals,  that 
their  conclusion,  that  for  Birds  the  same  exponent  of  correlation 
may  be  acce|>ted,  was  entirely  jnstitied.  According  to  the  value  ot 
the  coefticient  of  ce[)halisa(ion  calculated  by  this  method.  Birds, 
though  not  entirely  aftf^r  the  natural  system,  yet  with  regard  to  the 
nearest  aflined  ones,  may  be  classified  in  a natural  way.  Parrots,  the 
Monkeys  among  Birds,  stand  highest  in  the  list  C- 

Afterwards  a few  other  comparisons  (Swan — Summer  Teal,  Eagle — 
Kestrel,  Parrot— Parrakeet,  which  species  showed  greater  differences 
in  the  sizes  of  their  bodies),  could  be  added  by  Lapicque  ■'’)  to  the 
first  5 comparisons  ; in  this  way  still  belter  results  were  obtained. 

The  5 most  thrnstworthy  com[)arisous  gave  now  an  average /'=0. 558. 

This  constant  returning  of  “cette  puissance  etrange”  0.56,  the 
meaning  of  which  is  absolutely  incomprehensible  according  to 
IjApicque  “),  likewise  in  Birds,  where  the  anatomical  composition 
of  the  bi'ain  is  certainly  very  different  from  that  of  Mammals,  must 
indeed  be  called  exceedingly  striking. 

Under  these  circumstances  it  was  of  great  interest  to  investigate 


')  Gomptps  rendus  des  seances  de  I’Academie  des  Sciences.  Paris  f 905,  l,Tome 
UO,  p.  1057—1,059. 

2)  Bulletins  du  Museum  d’hisloire  naturelle.  Paris  1909.  p.  40S — 412. 

Revue  du  Mois,  Paris.  10  Avril  1908. 

■*)  Revue  du  Mois.  Avril  1908.  p.  445.  Further:  Bulletins  et  Memoires  de  la 
Sociele  d’  Anthropologic  de  Paris.  Seance  du  2 Mai  1907.  5me  Seric,  J’ome  8, 
fasc.  3.  Paris  1907,  p.  261. 


the  relation  between  quantity  of  brain  and  size  of  the  body  likewise 
for  the  lower  classes  of  Vertebrates.  This  is  connected  here  with 
greater  difticulties,  for  whereas  in  Birds  the  relative  weight  of 
the  brain  is  still  of  the  same  order  of  amount  as  in  Mammals, 
it  descends  in  the  inferior  classes,  both  absolutely  and  relatively, 
as  low  as  to  the  order  of  magnitude  of  about  Vio  t)f  that  of  the  two 
highest  classes.  The  quantities  of  brain  we  have  to  deal  with  are 
thus  absolutely  little,  and  we  can  only  make  use  of  those  rare 
cases  of  the  usually  very  scarce  evidences  about  these  classes,  in 
which  the  weights  of  the  bodies  show  great  differences.  A few 
accurate  evidences  are  found  in  Welcker’s  “Gewichtswerthe  der 
Korperorgane  bei  dem  Menschen  und  den  Thieren”,  published  after 
the  author’s  death  by  A.  BKA^DT  ^).  Further  L.  Bapicque  and  H.  Laugier”) 
gave  in  1908  some  trustworthy  determinalions  of  weight,  and  lately 
G.  Waterlot,  who  had  made  himself  conversant  with  the  technical 
method  in  the  Laboratory  of  Lapicque,  published  a great  number  of 
weights  of  brains  and  bodies  of  Vertebrates,  among  which  also 
Reptiles  and  Amphibia,  determined  in  Dahomey  ^). 

As  early  as  1855  and  1856  E.  Crisp  gave  trustworthy  evidences 
concerning  a Reptile  'and  a Fish  '*). 

Among  Waterlot’s  Reptiles  were  a Monitor  and  a Gecko,  belonging 
both  to  the  same  sub-order  of  the  Lacerlilia  as  likewise  the  Emerald- 
Lizard,  of  which  Laugier  and  Lapicque  communicated  the  weight. 

All  were  full-grown  animals,  the  Monitor  (Varanus  niloticus)  was 
a subject  of  mean  size;  four  individuals  of  the  little  Gecko  (Hemi- 
dactylus  Brooki)  were  weighed  and  consequently  average  weights 
can  be  calculated.  The  weight  of  the  body  of  the  Varanus  is  1600 
times  that  of  the  Gecko  and  almost  450  times  that  of  the  Emerald 
Lizard.  Under  these  circumstances  trustworthy  results  may  be  expected. 
A third  good  compai-ison  of  Reptiles  affords  a Viper  (Vipera  berusk 
of  which  Crisp  weighed  7 individuals,  with  a Cobra  (Naja  melano- 
leuca)  of  Dahomey,  weighing  almost  28  times  as  much.  A few  other 
Reptiles  have  been  inserted  into  the  following  table.  The  values  of 
k calculated  with  r = 0.56  are  likewise  indicated  in  it,  as  well  as 
the  average  diameter  of  the  eye-ball  of  some  species  ®)- 

1)  Archiv  fCir  Anthropologie.  Vol.  28  iBraurischweig  1902),  p.p.  55 — 61. 

2)  Gomptes  renlus.  Soc.  de  Biologie.  Paris  1908,  Vol.  64.  p.  1108. 

h Bulletins  du  Museum  d’Histoire  naturelle.  Paris  1912,  p.  491. 

h E.  Crisp,  Proceed.  Zool.  Soc.  London.  Part.  23.  (1855),  p.  191.  Ibid.  Part  24 
(1856),  p.  106. 

0 N'A  k,  2 and  4 have  been  borrowed  from  Waterlot  (l.c.),  3 and  8 from 
Lapicque  (l.c.)  5 from  Crisp  l.c.  (1855),  6,  7 and  9 from  Welcker — Brandt  d.c.). — 
An  Alligator  rnississippiensis  from  Hrdlioka,  cited  by  Lapicque  (Bull,  et  Mem.  Soc. 
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S 

E 

k 

Average 
diameter 
oftheeye 
ball,  in 
m.m. 

I.  Monitor  (Varanus  niloticus)  (1) 

7500.  G. 

2,440  G. 

0.0165 

12.5 

2.  Little  Gecko  (Hemidactylus  Brooki)  (4) 

4.7 

0.043 

0.0181 

4.1 

y.  Emerald  Lizard  (Lacerta  viridis)  (aver.) 

16.8 

0.093 

0.0191 

5.8 

4.  Cobra  (Naja  melanoleuca)  (1) 

1770.0 

0.646 

0.0098 

7.0 

j.  Common  Viper  (Vipera  berus)  (7) 

64.2 

0.105 

0.0102 

6.  Common  Lizard  (Lacerta  agilis)  (2) 

12.507 

0.076 

0.0185 

7.  Slow  Worm  (Anguis  fragilis) 

16.252 

0.039 

0.0082 

n D tt  » 

18.9 

0.037 

0.0071 

2.8 

9.  Greek  Tortoise  (Testudo  graeca) 

993.58 

0.360 

0.0075 

llorevvith  tlie  t'olk)\vini>,'  values  lor  r are  obtainerl.  Hy  oomparisoii 
of  1 with  2:0.5470,  of  1 with  2:0.5355,  4 with  5:0.5478.  The 
avei'age  for  the  exainiued  Reptiles  is  0.5436. 

.411  these  values  are  apiiu  so  near  to  0.55  . .,  or  'Voj  there 
is  no  doubt  but  the  same  ex[H)ue)d  of  coi'relatiou  may  be  aece|)ted 
for  the  three  highest  classes  of  Vertebrates.  Here  already  1 |)oint  to 
the  low  value  of  /■  both  of  the  Slow  Worm  (Anguis  fragilis)  and  of 
the  Snakes  in  contradistinction  to  the  Ijizards. 

Regarding  Amphibia  1 have  not  been  able  to  obtain  entirely  satis- 
factory data  for  the  calcidation  of  r.  The  giants  among  these,  as  the 
American  Bullfrog  Huina  mugieiis  or  Caiesbyana)  and  the  Indian 
Tiger-spotted  Frog  (Rana  ligrina),  reach  oidy  5 times  the  size  of  the 
nearest  related  s|)ecies  to  be  coni[)ared  with.  For  the  Bullfrog  I have 
calculated  of  Donaldson’s')  d largest  individuals  the  value  of  .y  244.4  G. 
and  of  e 0.204  G.  A comparison  of  the  latter  with  our  Waterfrog 
(Rana  esculenta),  according  to  Lapkxjul’s  averages  for  y and  c,  gives 
only  an  ex[)onent  of  correlation  ot  0.3843.  Compared  with  Lapicque’s 
Rana  fusca  (aver.)  r becomes  on  the  contrary  = 0.5501.  It  seems 
that  the  Bullfrog,  at  least  in  the  organisation  of  the  nervous  system, 

d’Anthrop  1.  c.  p.  263),  willi  s=  11.34  KGM  affords,  as  not  full-grown,  probably 
too  liigi;  a /c  (0.0268).  For  a “Crocodile”  mentioned  by  Manouvrier  (“SinT’interpre- 
tation  de  la  quantite  dans  I’encepbale”.  Meraoires  de  la  Societe  d’Anthropologie. 
Paris  1885.  2ine  Serie,  Tome  3,  2me  fasc.  p.  167)  of  about  70  KGM  body  weight, 
we  find  k = 0.0290. 

’-)  Decennial  Publications.  University  of  Chicago.  Vol.  X.  (1902),  p.  7 and  Journal 
of  Comparative  Neurology.  Vol.  8 (1898),  p.  330. 
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is  more  closely  allied  with  the  European  Landfrog  than  with  the 
Waterfrog.  The  similarity  in  the  modus  of  living  with  the  latter  has 
no  influence  in  this  respect.  The  following  calcidations  of /r  for  some 
Amphibia  prove  indeed  that  other  factors  are  predominant  there. 

Valuable  evidence  for  the  calculation  of  the  exponent  of  correlation 
for  this  class  might  be  obtained  from  the  Japanese  or  the  American 
Gigantic  Salamander  (Megalobatrachns  maximns  and  Cryptobranchus 
Alleghaniensis).  The  former  is  certainly  more  than  100  times  heavier 
than  the  Spotted  Landsalamander,  and  surpasses  the  Crested  or  Great 
Newt  more  than  400  times  in  weight.  But,  as  far  as  I know,  this 
evidence  does  not  exist. 

If  we  admit  for  Amphibia  the  same  exponent  of  correlation  as 
for  the  three  highest  classes  of  Vertebrates,  then  we  find  the  following 
values  for  k. 


S 

E 

k 

I.  Waterfrog  (Rana  esculenta)  (aver.) 

44.5  G. 

0.106  G. 

0.0127 

2.  Leopard  Frog  (Rana  virescens)  (5) 

73.35 

0.153 

0.0138 

Bullfrog  (Rana  Catesbyana)  (6) 

244.4 

0.204 

0.0094 

4.  Landfrog  (Rana  fusca)  (aver.) 

53.0 

0.088 

0.0095 

y.  Common  Toad  (Bufo  vulgaris)  (aver.) 

44.5 

0.073 

0.0087 

6.  Shackletoad  (Alytes  obstetricans)  (aver.) 

7.7 

0.041 

0.0131 

7.  Treefrog  (Hyla  arborea)  (aver.) 

4.8 

0.043 

0.0179 

8.  Spotted  Landsalamander  (Salamandra  maculosa)  (1) 

24.88 

0.047 

0.0078 

9.  Great  Water-Newt  (Triton  crislatus)  (2)  ') 

7.46 

0.019 

0.0062 

The  comparatively  high  value  of  k in  the  two  first  mentioned 
species,  likewise  in  Alytes  obstetricans  and  especially  in  the 
Treefrog,  has  evidently  some  relation  with  a higher  organisation  of 
the  nervous  system,  and  not  with  the  surroundings  in  which  the 
animals  live.  Rana  Catesbyana  lives,  as  likewise  R.  esculenta  and 
R.  virescens,  in  water,  ranks  however  near  to  R.  fusca,  the  Landfrog. 
The  deviation  of  k in  this  respect  is  in  the  latter  analogous  with 

1)  N'.  1,  4,  5,  6,  7 are  borrowed  from  Lapicque  and  Laugier  (l.c.) ; 2 and  3 
from  Donaldson  (Journal  of  Comparative  Neurology.  Vol.  10  (1900),  p.  121  [the 
5 largest  Rana  virescens  (-,^)],  Journal  of  Comparative  Neurology.  Vol.  8.  (1898), 
p.  330.  Decennial  Publications.  Chicago.  Vol.  10.  (1902),  p.  7 [the  6 largest  Rana 
CatesbyanaJ ; 8 and  9 from  Welcker-Brandt  (l.c.,  p.  57  and  58j. 
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llial  of  Salamaiidei-s  ami  Nevvls,  where  llie  latter,  whieh  live 
ill  water,  liave  hoAvever  lower  cejilialisalion  than  the  Laudsala- 
iiiander.  hi  general  the  value  of  k does  not  ditfer  mueh  from  that 
of  Reptiles. 

If  now  we  find  in  the  lowest  class  of  Vertebrates,  the  Fishes, 
for  a the  same  value  as  for  the  diree  highest  classes,  then  it  is 
certain  that  also  in  the  Am()hibia,  which  rank  between  them,  the 
same  relation  exists  between  weight  of  the  body  and  weight  of  the  brain. 

Of  the  following  evidence  regarding  Fishes  the  greater  part  has 
been  borrowed  from  Wklcker-Br/vndt  ^). 


5 

E 

k 

I.  Carp  (Cyprinus  carpio) 

1817.3  G. 

1 .270  G. 

0.0190 

2.  Crucian  (Carassius  vulgaris) 

■5.22 

0.470 

0.0186 

y.  Gudgeon  (2)  (Gobio  fluviatilis) 

42.196 

0.159 

0.0195 

4.  Perch  (Perea  fluviatilis) 

67.27 

0.162 

0.0153 

y.  Stickleback  (2)  (Gasterosteus  aculeatus) 

1.447 

0.022 

0.0179 

6.  Pike  (Esox  lucius)^) 

12700 

4.860 

0.0245 

7.  Conger  (Conger  vulgaris) -h 

10000 

1.050 

0.0060 

8.  Eel  (Anguilla  Anguilla)  3) 

650 

0.170 

0.0045 

When  comparing  each  time  two,  the  nearest  aftined  species,  the 
following \alnes  for  r are  found;  1 with  2 ■ ();5t5d3,  / with  3:  0.5522, 
4 with  5:  0.5201,  6 with  2;  0.5049,  7 with  8\  0.666J. 

With  the  exception  of  the  last,  to  which  1 shall  revert 
afterwards,  these  values  are  also  all  near  to  0.55  . . . The  average 
of  the  four  is  0.5576. 

Eels  (Muraenidae)  excepted,  the  comparatively  high  values  of 
k,  in  which  most  Fishes  ecpial  even  the  examined  Refililes,  are 
striking.  In  the  low  \alue  of  k in  the  Eels  we  find  a similar  pheno- 
menon, the  probable  cause  of  which  I shall  indicate  afterwards,  as 


1)  L.  c.,  p.  59  — 61.  There  3 more  perches.  The  statements  for  them  deviate 
however  so  much  from  what  may  be  admitted  as  normal  for  this  species,  that 
they  cannot  be  used  separately  for  trustworthy  calculation  of  r.  Compared  with 
the  2 sticklebacks  they  give  for  r values  ranging  from  0.437  to  0.644.  The 
average  of  4 comparisons  is  0.525. 

9 E.  Crisp  in  Proceed.  Zool.  Soc.  London.  Part.  24.  (1856),  p.  106. 

L.  Lapicque,  Bull,  et  Mem.  Soc.  d’Anthrop.,  l.c.  p.  263. 
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in  the  Snakes  and  the  snake-shaped  Slow  Worm,  but  the  deviation 
is  here  still  greater  on  account  of  a second  cause. 

The  results  obtained  in  this  way  seem  to  prove  with  certainty 
the  existence  of  a law  that  can  be  applied  to  all  'Vertebrates,  indi- 
cating the  relation  between  quantity  of  brain  and  size  of  body. 

In  species  of  Vertebrates  that  are  equal  in  organisation  {syste- 
matically), in  their  modus  of  living  and  in  shape,  the  loeights  of  the 
brains  are  proportional  to  the  power  of  the  weights  of  the  bodies. 

Before  we  try  to  discover  the  meaning  of  this  law,  it  is 
important  to  determine  the  value  of  the  exponent  of  correlation  for 
the  brainweight  of  large  and  small  individuals  in  one  and  the  same 
species.  The  differences  of  size  of  the  body  are,  in  most  cases,  com- 
paratively much  less  here  than  those  between  the  species  mutually, 
and  we  are  generally  obliged  to  take  averages  of  a great  number 
of  individuals,  to  make  the  errors  attending  each  special  observation 
balance  as  much  as  possible  against  one  another.  With  the  exception 
of  such  species  as  the  Dog,  having  many  races  of  very  different 
sizes,  the  best  evidences  can  consequently  be  found  for  Man. 

The  result  I obtained  in  this  respect  for  Man,  in  1898,  was  com- 
pletely contradictory  to  what  I found  for  different  species  of  Mammals.') 
The  exponent  of  correlation  proved  to  be  an  entirely  different  one. 
For  obvious  reasons  we  cannot  dispose,  with  regard  to  Man,  for  this 
calculation  of  sufficient  evidence,  relating  to  normal  weights  of  the 
body  belonging  individually  to  the  vveights  of  the  brain.  In  order 
to  be  able  to  compare  these  quantities,  we  may  follow  two 
indirect  ways.  In  the  first  place  it  is  possible  to  calculate  the  weight 
of  the  brain  of  living  Man.  According  to  the  method  of  Welcker, 
which  has  pro\'cd  to  be  very  trustworthy,  I calculated  the  weights 
of  the  brains  of  four  groups,  each  of  10  strong,  healthy,  and  not  fat 
young  men,  from  the  dimensions  and  shapes  of  their  heads,  which 
evidences  Otto  Ammon  had  been  kind  enough  to  provide  me  with. 
It  had  been  ascertained  for  those  40  men  that  they  did  not  grow 
any  more.  They  were  all  small  farmers  and  day-labourers  from 
Baden.  In  this  way  I found  an  exponent  of  correlation  of  about 
0.25,  the  value  0.245  (of  two  of  the  six  combinations  possible^  is 
probably  more  correct. 

Taking  the  second  way  I calculated  r from  the  directly  determined 
weights  of  the  brains  of  Englishmen  (Londoners)  with  average- 
weights  of  bodies  of  men  of  the  same  social  class,  according  to  the 


h Ueber  die  Abhangigkeit  des  Hirngewichtes  von  der  Kdrpergrdsse  beim  Menschen. 
Arcliiv  fiir  Anthropologie.  4".  Bd  25,  Heft  4.  Braunschweig  1898,  p.  423  — 441. 
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iin&ui-passed  data  of  John  Mvrsmall ').  Here  Hie  value  of  0.219  was 
found  for  r. 

1 tried  to  e.xiilaiii  that  strongly  deviating  beliaviour  of  individuals  of 
Alan,  differing  in  size,  in  eomparison  with  s[>eeies  of  Alaninials  of 
different  sizes,  b_y  the  nncoinparatively  great  supremacy  of  the  brain 
over  other  organs  and  parts  of  the  skull  in  Man.  The  inferioi' angnien- 
tation  of  the  brain  with  the  size  of  the  body  might  be  a consequence, 
in  my  o[)inion  then,  of  an  exceptionally  strong  [irogressing  folding  of 
the  grey  cortex,  going  hand  in  hand  with  that  augmentation  of  tlie 
brain  as  a whole.  At  the  present  state  of  onr  knowledge,  now  that 
we  know  that  in  all  Vertebrates  in  general,  independently  of 
its  shajie  and  structure,  the  augmentation  of  the  brain  is  ecpial  for 
all  species  that  are  of  a similar  organisation,  the  interpretation 
then  given,  that  can  only  be  ayiplied  to  Alan,  must  be  entirely 
abandoned.  I should  certainly  immediately  have  rejected  it,  if  I had 
known  that,  a few  months  [irevionsly  in  1898,  Lapicque,  when 
ap[)lying  the  relation  1 liad  found  for  Alamnials,  to  dogs  of  different 
sizes,  according  to  e\idences  liorrowed  from  a series  of  Rictiet,  had 
obtained  tlie  same  resnlt,  as  1 now  found  for  Alan.  That  i-esnlt  had, 
moreover,  only  been  commnnicated  by  J^apicque  in  a report  of  the 
j)roceedings  of  the  meeting  of  the  Societe  (Je  Biologie  on  the  15''“ 
of  Jannary  1898,  in  hardly  a single  |)age  of  [)rinting '■')  together  with 
the  annonncement  of  my  memoir  on  Alammals. 

His  conclnsion  ran ; “Tout  ce  qne  je  venx  etablir  anjonrd’hni, 
c’est  qne  la  puissance  de  P (the  weight  of  the  body),  snivant  laqnelle 
varie  rence[)hale  d’espece  a es|)ece  etant  0.55,  dans  I’espece  cliien 
cette  |>nissance  est  0.25,  c’est  a dire  extremenient  different”.  Simnl- 
taneonsly  with  my  paper  on  Alan  of  1898,  in  the  “Archiv  fnr  An- 
thropologie”,  Lapicque  pnblished  with  Duere  another  article”),  in 
which  the  authors  commnnicate  as  briefly  the  resnlt  for  the  Dog, 
mentioned  above,  and,  on  account  of  an  examination  of  the  chemical 
composition  of  the  brain,  try  to  find  an  explanation  of  the  exponent 
found  for  this  species  in  the  relative  amount  of  white  and  grey 

1)  On  the  relations  between  the  Weight  of  the  brain  and  its  parts,  and  tlie 
stature  and  mass  of  the  body.  Journal  of  Anatomy  and  Physiology.  Vol  26.  London 
18i)2.  p.  445.  There  the  weights  of  the  bodies  of  living  men,  according  to 
John  Beddoe  (Memoirs.  Anthrop.  Soc.  London.  Vol.  111.  1870,  p.  533). 

2)  “Sur  la  relation  du  poids  de  I’enceplmle  au  poids  du  corps”  in  “Comptes 
rendus  hebdomadaires  des  seances  de  la  Societe  de  Biologie”.  Paris  1898.  N".  2 
(21  janvier  1898),  p.  63. 

3)  “Sur  le  rapport  entre  la  grandeur  du  corps  et  le  developpement  de  I’ence- 
phale”.  In  “Archives  de  Physiologic  normale  et  pathologique”,  N“.  4.  Octobre  1898. 
Paris,  p.  763—773. 
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substance  varying ' with  the  size.  They  ask  themselves  the  question, 
if  the  law  found  for  the  Dog  may  in  general  also  be  applied  to 
other  species,  and  give  a negative  answer  to  it.  “A  priori,  on  doit 
estimer  que  non,  et  nous  avons  soin  de  dire  que  notre  etude  porte 
sur  un  cas  particuher.”  (p.  765).  In  conclusion  they  say:  ‘T1  y a 
done,  en  passant  des  petits  aux  grands  chiens,  une  difference  sensible 
de  la  composition  chimique,  et,  par  suite,  Tunite  de  poids  ne  repre- 
sente pas  pour  les  uns  et  pour  les  autres  des  valeurs  physiologiques 
identiques”,  fp.  773). 

It  is  clear,  that  by  Lapicque  and  by  me,  independently  of  each 
other  and  unprejudiced,  an  identical  i-esnlt  has  been  obtained  for 
two  very  different  species  of  Mammals.  If  this  circumstance  increases 
considerably  the  importance  of  this  result,  then  it  appears  at  the 
same  time  that  neither  of  us  surmised  he  had  found  an  interindi- 
vidual exponent  of  correlation  equal  for  all  species. 

Calculating  the  value  of  r for  the  dog  found  by  L.apicque, 
proportional  to  the  number  of  observations  used  for  each  comparison’ 
afterwards’)  communicated  by  him,  I find  it  to  be  = 0.235.  When 
he  repeated  the  investigation  applied  to  Man,  which  had  caused  me 
to  find  the  two  above  mentioned  values  of  r 0.245  and  0.219,  with 
other  evidences,  according  to  the  second  method,  he  found  for’  Man 
0.23  and  for  Woman  0.224.  A comparison  of  the  averages  of  7 
larger  with  7 smallm  individuals  of  an  AmeriCcUi  Squirrel  (Scinrus 
carolinensis),  which  14  individuals  with  a smaller  American  species 
(Semrns  carolinensis)  (6  individuals)  had  furnished  an  exponent  of 
correlation  of  0.56,  gave  an  interindividual  exponent  of  0.20  ^) 
With  two  groups  of  5 female  Moles  of  Manouvrier  I fmd  0.234  •’)! 
The  average  of  these  seven  observations  is  0,228. 

A number  of  other  comparisons,  with  less  good  evidences,  however 
constantly  furnished  values  that  do  not  differ  much  from  the  average 
found  in  this  way.  When  I compare  the  above-mentioned  weights 
of  the  SIX  largest  Bullfrogs  of  Donaldson  (1.  c.)  with  the  six  next  in 
size  of  the  same  species,  I find  an  exponent  of  correlation  of  0,2516. 

0 “Le  poids  encepliahque  en  fonction  du  poids  corporel  entre  individns  d’une 
meme  espece”.  Bulletin  et  Memoiie.s  de  la  Societe  d’Anthropologie  de  Paris.  Seance 
du  B juin  1907.  Serie,  Tome  8,  fasc.  4.  Paris  1908,  p.  315. 

2)  Lapicque,  “Le  poids  encephalique  en  fonction  du  poids  corporel  entre  individus 
d une  meme  espece  1.  c.  p.  327. 

»)  There  must  be  errors  in  Manouvriek’s  statements  (Memoires  Soc.  d’Anthron 
Pans  188o,  p.  213  and  p.  297 ) concerning  two  gi  oups,  each  of  7,cf  moles,  as  the  heavy 
individuals  should  on  an  average  only  possess  1 m.g.  more  brain  than  the  lio-hter 
one.,  the  average  hkewise  points  to  these  errors.  Consequently  these  groups  are 
usbIcss  foi  the  calculcition  of  the  interindividuciJ 
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Taking-  into  consideration  tliat  the  certainl}"  still  more  correct  lines 
of  Donaldson  give  to  r a value  of  0.2316,  we  may  call  this  result 
very  satisfactory.  On  grounds  to  be  discussed  afterwards  we  may 
admit  that  indeed  the  exponent  of  correlation  within  the  same  species 
of  all  Vertebrates  is  0,22.  . . 

In  my  previous  communication  of  the  result  for  Mammals  I had 
borrowed,  on  behalf  of  a provisional  comparison  with  Man,  for  the 
calculation  of  k available  evidences  from  the  2”^^  edition  (of  1893) 
of  Vierokdt’s  “Daten  und  Tabellen”.  Calculating  with  the  general 
exponent  of  correlation  0,56  I found  then  a somewhat  different  value 
of  k for  Man  and  for  Woman.  If  I had  made  use  of  more  accurate 
evidences,  the  cephalisation  would  have  been  found  ideidical  for  the 
two  sexes,  as  has  indeed  been  [U'ovecl  by  Lapicque  in  1907,  and 
at  the  same  time  it  would  have  been  proved  that  between  Man  and 
Woman  of  different  size  the  same  exponent  of  correlation  obtains  as 
between  species  that  are  e<puvalent  with  regard  to  the  organisation 
of  the  nervous  system,  but  differ  in  the  size  of  the  body. 

1 can  now  affirm  this  by  two  more  series  of  evidences.  Placing 
namely  the  four  groups  of  English  men  of  average  size,  borrowed 
from  IMaksiiaij-,  used  for  my  calculation  of  the  ex|)onent  of  corre- 
lation for  Man,  beside  the  four  groups  of  average  English  women 
of  his  Table  XVIll  (l.c.,  [).  498)  we  find  63685  G.  and  54432  G.  for 
the  average  weight  of  the  bodies  and  1353.7  G.  and  1233.2  G,  for  the 
average  weight  of  the  brain.  The  result  of  the  calculation  is  r = 0,594. 

For  the  average  weights  of  the  brain  of  English  and  Scottish  men 
and  women  we  obtain  1375  G.  and  1235  G.,  according  to  seven  different 
observers,  cited  in  the  new  edition  of  Vieroudt’s  “Daten  und  Tabellen”. “) 
The  weights  of  the  body  for  full-grown  men  and  women  of  that 
nationality,  accoitling  to  Roberts,  cited  there,  are  63010  G.  and  52170 
G.  (deduction  made  for  what  Roberts  indicates  for  the  weight  of 
the  clothes).  With  this  value  r can  be  calculated  at  0,568. 

Calculating  with  the  weights  of  the  body  according  to  Roberts 
and  the  weights  of  the  brain  according  to  Marshall  we  find  0,498. 
The  average  of  these  three  results  is  0.553. 

There  are  no  sufficient  evidences  at  hand  for  testing  this  sexual 
difference  in  species  of  animals.  Kohlbrugge '')  gives  the  weights  of 

1)  For  these  comparisons  E and  e were  borrowed  from  the  graphical  repre- 
sentation in  Donaldson’s  publication  of  1898  (1.  c.  p.  322). 

~)  “Le  poids  encephalique  en  fonction  du  poids  corporel  entre  individiis  d’une 
meme  espece”.  1.  c.  p.  344. 

'-)  Dritte  Aufl.  Jena  190G,  p.  23 — 24,  75—76. 

-*)  Zeitschr.  f.  Anatomie  und  Morpliologie.  Bd.  11  (1900),  p.  51 — 55. 
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the  body  of  the  Javanese  Biideng  ( Sernnopithecus  maurns  and 
Pyrrhus)  relating  to  IJ  female  and  7 male  individuals  and  the 
weights  of  the  brain  of  4 fenjale  and  3 male  individuals.  It  is 
a great  pity  that  a few  ei-rors  must  have  slipped  into  these  precious 
statements  of  the  weights  of  the  bodies  ').  It  is,  however,  possible  to 
calcidate  0.553  or  0.586  for  the  intersexual  exponent  of  correlation, 
either  when  correcting  the  presumat)le  errors  or  when  omitting 
these  erronical  weights  of  the  body. 

What  has  been  stated  for  Man,  considered  in  connection  with  the 
rational  meaning  of  the  exponent  of  correlation  0.55  still  to  be  dis- 
cussed, gives  us  already  a right  to  admit  that  for  Vertebrates  in 
general  the^  following  law  exists:  The  sexes  dijjering  in  size  of  one 
specks  are  in  the  quantity  of  brain  proportional  to  each  other  as  two 
different  species  with  identical  organisation  of  the  nervous  system. 

. The  attention  may  here  be  called  to  the  fact  that  this  law  is  in 
accordance  with  the  result  of  the  latest  investigations  about  the 
hereditary  transmission  of  sex  ^),  as  with  those  of  Dumbar  on  the 
sero- biological  behaviour  of  the  sexes  in  plants  and  animals. 

Further  I want  to  point  out  that  there  is  a connection  between 
the  1 elation  of  the  two  sexes  found  and  the  non-existence  of  the 
disproportion  in  the  relative  length  and  thickness  of  the  bones, 
which  is  so  striking  a featui’e  between  the  large  and  the  small 
individuals  of  one  species.  ')  Both  sexes  behave,  in  this  respect  too, 
as  nearly  related  species, of  very  different  sizes. 

[jhe  uniformity  of  the  correlation  found  between  quantity  of 
biain  and  size  of  body  in  all  classes  of  Vertebrates,  however 
striking,  cannot,  [troperly,  surprise  us,  as  we  did  eliminate  a priori 
all  other  important  influences  on  the  quantity  of  the  brain,  save 
the  size  of  the  body.  That  uniformity  affords  proof  that  indeed  we 
succeeded  in  eliminating  those  other  influences  and,  moreover,  that  the 
size  of  the  body  influences  the  quantity  of  the  brain  in  the  same 
way  in  all  classes. 

One  may,  however,  consider  it  strange  that  the  well  known  in- 
ciease  of  the  relative  amount  of  white  substance  (composed  chiefly 
of  medullated  fibres)  contrary  to  the  grey  substance  (containing  the 

) It  seems  indeed  that  in  three  cases  pounds  are  written  erroneously  for  kilos. 

G.  CoRRENS  and  A.  Goldsmidt,  Die  Vererbung  und  Bestimmung  des  Geschlechtes. 
Berlin  191R. 

3)  Species  with  a relatively  slight  difference  of  size  (ase.g.  Hylobates  syndactylus 
and  H.  leuciscus)  show  a disproportion  in  a reverted  sense:  between  species  of 
very  different  size  this  is  scarcely  perceptible. 

The  passage  between  brackets  is  added  in  the  English  translation. 
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bodies  of  nerve  veils),  an  increase  going  on,  systeinalically,  with 
increasing  (jnantity  of  the  entire  brain,  does  not  a))[)reciably  corrupt 
those  results. 

It  was  this  consideration  that  induced  Dheke  ajid  Lapicque  to 
investigate  the  chemical  composition  of  the  brain  in  large  and  small 
dogs. ')  From  their  results  it  is  obvious  that  the  real  disproportion 
between  the  two  constituents  in  large  and  small  brains  of  nearly 
related  animals,  though  existing,  is  insigniticant  when  compared 
with  wiiat  it  seems  to  be  on  sections  of  those  brains  and  from  super- 
ticial  mathematical  retlection.  We  may  infer  that  the  seemingly  very 
striking  disproportion  is,  to  a very  lai'ge  amount,  corrected  by  otlier 


variations  going 


hand  in  hand  with  augmentation  of  the  quantity 


of  brain,  namely  increasing  thickness  and  folding  of  the  cortex  and 
less  rounded  form  (i.e.  relativel}'  more  extended  surfaces)  of  the 
larger  brain,  these  three  jirocesses  (or  two  in  the  brains  without 
tolding)  tending  to  increase  the  relative  amount  of  grey  snbstanc^ 


The  positive  knowledge,  obtained  in  this  way,  of  the  relation 
between  quantity  of  brain  and  size  of  the  body,  in  species  and  indi- 
viduals, gives  now  a meaning  to  that  “puissance  etrange”  0.55..  and 
at  the  same  time  0."^2..  by  which  those  relations  are  determined. 

Referring  to  the  arguments  in  my  memoir  of  1897  on  the  peculiar 
relation  of  the  eye  to  the  size  of  the  body,  and  continuing  the 
analysis  of  the  exponent  0.5B  or  0.55..,  1 believe  that  it  will  be 
easy  to  prove  its  rational  character,  as  well  as  that  ob  the  exponent 
0.22  ..  In  this  way  the  correlations  we  found  are  raised  to  the 
rank  of  real  biological  laws. 

In  the  memoir  of  1897  1 had  already  pointed  out  that  the  factor 
that  expresses  the  deviation  from  the  sinqile  relation  between  weight 
of  the  brain  and  superticial  dimension  of  the  body  is  the  enbe-root 
of  the  linear  dimension  of  the  body. 

,^0.5.5...  pg  analysed  as  follows: 

— + — 

B.  5<)22  + 0.33  — ^ 9 

2 

= X L 

The  relations  found  above  can  then  be  described  as  follows : 

i.  1ji  species  of  Vertebrates  that  are  alike  in  the  organisation 

9 “Sur  le  rappoii  entie  la  grandeur  du  corps  el  ia  developpement  de  I’ence- 
phole.”  l.c.  tl89^)- 
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of  (lieir  nervous  system  mid  their  shape,  Imt  differ  in  size,  and  also 
in  the  two  sexes  of  one  and  the  same  species,  tlie  quantity  of 
brain  increases : 

A.  as  the  quotient  of  the  superficial  dimension  and  the  cube-root 
of  tlie  longitudinal  dimension. 

yj.  as  the  product  of  the  longitudinal  dimension  and  the  square 
of  its  cube-root. 

TI.  In  individuals  of  one  and  the  same  species  and  of  the  same 
sex,  differing  in  size,  the  quantitj  of  brain  increases  as  the  square 
of  the  cube-root  of  the  longitudinal  dimension  of  the  body. 

Consequently  we  find  between  the  exponents  0.22..  and  0.55..  a 
relation  of  a simple  nature. 

2 

Moreover  the  factor  or  in  B is  the  square  of  the  deno- 

minator in  A. 

The  fact  that,  in  different  species,  a factor  determining  the 
quantity  of  brain  is  to  be  found  in  the  siqierficial  dimension  of  the 
body,  which  is  the  measure  of  the  sensitive  surfaces  as  well  as  of 
the  muscular  force,  was  discussed  at  large  in  my  memoir  of  1897. 
It  IS  neither  incomprehensible,  that  individuals  of  different  size  in 
one  and  the  same  species  distinguish  themselves  from,  for  the  rest 
closely  resembling  species  differing  in  size,  because  only  in  the  latter 

case  an  increase  ofthequaptity  of  brain  proportional  to  the  longitudinal 

dimension  takes  place,  as  a consequence  of  segmental  growth,  in- 
crease of  sensu-motorical  unities  in  segmentically  constituted  species 
of  animals. 

From  the  investigations  of  I.  Hardksty  it  appears  that  in  the 
Elephant,  which  is  180000  times  heavier  than  the  Mouse,  and  in 
Man,  who  is  3628  times  heavier  than  the  Mouse,  the  masses  of 
certain  nerve-cells  of  the  spinal-cord  are  proportional  as  the  imagi- 
nary longitudinal  dimensions  of  the  mentioned  species. 

If  we  admit  that  to  every  nerve-fibre  a definite  central  cell-mass 
answers,  then  these  masses  must  increase  with  the  number  of  nerve- 
fibres,  in  segmentically  constituted  animals  indeed  as  the  longi- 
tudinal dimension. 

1 

But  what  is  then  the  meaning  of 

The  answer  to  this  question  was  likewise  prepared  in  my  memoir 
of  1897.  It  IS  to  be  foimd  in  the  very  special  relation  between  the 
size  of  the  eye  and  the  body  in  animals  of  different  sizes.  The 
longitudinal  dimensions  of  the  body  and  the  eye  of  these  animals 

')  Journal  of  Comparative  Neurology.  Vol.  12  (1902),  p.  125 182. 
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are  not  proportional  to  eacli  other,  neitlier  are  they  al)Solntely  equal; 
in  other  terms,  the  smaller  animal  has,  in  proportion  to  its  body,  a 
large  eye,  yet  it  is  absolutely  surpassed  by  that  of  the  larger  animal. 
We  tind  here  evidently  a similar  relation  as  between  the  weight  of 
the  brain  and  that  of  the  body,  and  can  try  to  fix  this  relation  in  a 
similar  way,  by  calculating  an  exponent  of  correlation. 

Most  fit  for  this  comparative  investigation  are  again  species  that 
differ  as  much  as  possible  in  size,  and  have  at  the  same  time 
absolutely  large  eyes.  Instead  of  the  simple  diameter  of  the  eye-ball 
(which  in  its  shajie  and  in  the  thickness  of  the  sclerotica  is  variable)  it 
is  preferable  to  compare  the  linear  sizes  of  the  images  on  the  retina.  More 
than  twentj"  years  ago  Matthiesskn  made  exact  measurements 
of  the  sizes  of  the  images  on  the  retina,  amongst  others  in  Whales, 
which  together  with  others  were  already  formerly  discussed  by 
me.  He  does  not  indeed  indicate  the  sizes  of  the  animals  them- 
selves, but  if  we  admit  for  them  the  averages  of  the  full  grown 
species,  then  the  error  resulting  from  this  insufficient  information 
cannot  be  very  great. 

Let  us  thus  conqiare  the  largest  of  the  four  examined  species  of 
Whalebone-Whales,  Sibliald’s  Fin-Whale,  with  the  smallest,  the 
Humpback  Whale,  and  calculate  according  to  what  ex|)onent  of 
correlation  of  the  length  of  the  body  proportionality  with  the  size 
of  the  image  is  obtained’^). 


Proportion  of 


linear  sizes  of  the 
images  (in  Millimeters) 

lengths  of  the  body  (/) 
(in  Meters) 

Larger  Fin-Whale 

39.78 

30 

(Balaenoptera  Sibbaldi) 

and 

Humpback-Whale 
(Megaptera  Boops) 

30.23 

15 

We  tind  then  that  on  an  average  the  lengths  of  the  body  must  be 
involved  to  the  power  0.3964  to  become  pi'oportional  to  the  lengths 

1)  L.  Matthiessen.  Die  neueren  Fortschritte  unserer  Kentnis  von  dem  optischen 
Baue  des  Auges  der  Wii-belthiere.  Festschrift  fiir  H.  voii-  Helmholtz  1891,  p.  62-63. 

2)  The  Porpoise  (mentioned  by  Matthiessen  as  “Delphinus  communis”)  and  the 
VVlialebone-Whales  belong  to  phylogenetically  different  orders,  Ondontocetes  and 
Mysticeles,  which  differ  greatly  both  in  the  relative  size  of  the  eye  and  in  the 
cephalisation  (this  in  reverted  proportion).  Therefore  they  cannot  be  compared  here 
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of  tlie  images, 


•TO  - g 

i.e.  almo.'it  {// or  |/;S=  , correctly  or  K,S'. 

In  the  interesting  essa.j*  of  August  Putter  I find,  in  text  and 
in  figures,  statements  both  of  the  retina-surface  and  of  the  size 
of  the  body  of  full-grown  individuals  of  Hyperoodon  rostratus, 
the  Bottlenose-Whale,  and  of  Phocaena  communis,  the.  Porpoise, 
both  Odontocetes.  The  lengths  of  the  bodies  are  proportional  as  6 : J ’ 
and  the  diameters  of  the  retina  as  2:1.  From  this  follows,  that 
those  diameters  increase  as  ^ 

In  my  memoir  of  1897  a Lion  was  also  compared  with  a Cat  for 
the  calculation  of  the  exponent,  of  correlation.  The  exponent  of 
correlation  I found^  was  0.5466.  The  coefficient  of  cephalisation, 
calculated  with  0.55  . . , gives  therefore  a different  result  for  them 
In  order  to  obtain  equality,  the  of  the  Lion  must  only  be  a little 
diminished  (according  to  the  [iroportion  that  presumably  existed 
between  the  two  individuals  examined  by  Matthiessen).  Then  the 
proportion  of  lengths  of  the  images  in  the  eyes,  measured  for  both 

. lo.£7u  . 7.5  /Q 

species,  = 6^‘^ctly  etpial  to  \^  ■ 

An  equal  relation  is  found  between  the  Sea-eagle  and  the  Hawk. 

I he  general  validity  of  this  relation  is  especially  obvious  when 
comparing  little  animals  with  enormously  large  ones.  The  shapes  of 
the  bodies  can  then  even  be  greatly  different,  if  only  there  is  no 
great  deviation  in  the  coefficient  of  cephalisation.  Among  the  animals 
of  which  ^Matthiessen  has  measured  the  lengths  of  the  images,  are 
also  the  fox,  the  Cat  and  the  Rabbit.  The  weights  of  the  bodies  of 
these  animals  and  also  of  that  of  Sibbald’s  Fin-Whale,  (of  which 
several  individuals  ha\e  been  examined)  are  approximately  known. 

Between  these  the  following  relations  are  found: 


/ 5 \0.133 

Proportion  of  the 

' h) 

in  Kilograms 

lengths  of  the 
images  (in  Millim.) 

Fox 

lOCOOO 

6 

\0  133 

) =3.643 

39.78 

9.42  —^-223 

Cat 

/ 100000 

.0.133 

) =3.995 

39.78  ^ 

1 3 

11.80  ~ 

Rabbit 

/ 100000 
\ 1.5'  , 

0.133 

= 4.381 

39.78 
9.19  ~ 

Average 

— 

4.006 

3.974 

1 Jalu-buclier.  Abtheilung  fur  Anatomie  und  Oiitogenie  der  Thiere 

Jena  1903.  p.  240,  243,  273  and  280. 
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Lapic'Quii',  has  measured  the  diameters  of  the  eyeballs  of  a mimber 
of  Vertebrates  and  found  for  Mammals  an  exponent  of  correlation 

first  of  ~ , afterwards  of  — ^).  For  the  examined  Mammals  the 

measurement  of  the  diameter  of  the  eye-ball  was  generally  sufficient  in 
order  to  ascertain  the  size  of  the  retina.  He  concludes  then,  as  was 
to  be  expected  from  what  could  be  shown  already  in  1897,  that 
in  most  cases  the  size  of  the  eye  runs  jiarallel  with  the  weight  of 
the  brain. 

Those  meritorious  measurements  of  the  eye-ball  by  Hapicque  thus 
furnish  a welcome  affirmation  of  the  results  obtained  here  with  regard 
to  the  images  on  the  retina.  We  may  admit  that  the  linear  dimen- 

7.5 

sions  of  the  images  vary  as  aS’  or  • . 

9 -L 

If  the  result  had  been  j,/aS  or  aS''^  "' • ■ = , then  we  should  have 

here  the  same  factoi'  as  in  the  coefficients  foi'  the  brain,  and  we  should 
immediately  be  convinced  of  its  rational  character.  Now  it  can,  again, 
not  be  by  chance  only  that  even  in  a|)parently  absurd  compari- 
sons (as  those  of  Sibbald’s  Fin-Whale  with  s[)ecies  of  little  land- 
animals)  that  same  exponent  '/t..',  constantly  returns.  What  is  the  meaning 
of  this  fact? 

The  answer  to  this  ipiestion  too  is  not  difficult,  for  9 : 7. .5  = 
0.66  . . ; 0.55  ...  If  now  we  consider  that,  in  accordance  with  the 
augmeidation  of  the  brain  with  the  size  of  the  sjiecies  of  animal,  the 
sensitive  surfaces  must  increase  in  the  same  proportion  to  the  superticial 
dimension  of  the  body,  then  it  becomes  comprehensible  that  the  receptive 
sense-elements  in  the  retina  do  not  remain  entirely  equally  thick 
with  the  larger  animal  as  with  the  smaller  one,  but  become  thicker 
and  less  closely  placed"),  in  the  same  proportion.  For  this  reason 
the  number  of  the  nerve-elements  in  the  retina  increases  only  linearly 
0 1 

as  VS  or  L‘^  , in  the  su[)erficial  dimension  as  aS- = aS  ^ oi-aS'""^-- 
0 

= y.3  . 

In  this  way  a connection  has  been  established  between  the  expo- 
nent of  correlation  for  the  eye  and  the  exponent  of  correlation  for 

1)  “La  grandeur  relative  de  I’oeil  et  I’appreciation  du  poids  encephalique”.  Goinptes 
rendus  de  I’Academie  des  Sciences.  Paris,  Tome  147,  (1908),  2,  p.  209.  “Relation  du 
poids  encephalique  a la  surface  retinienne  dans  quelques  ordres  de  Mainmiferes”.  Ibid. 
Tome  17)1,  (1910),  2,  p.  1393.  On  lower  Vertebrates:  L.  Lapicque  et  H.  LAUuma 
in  Gomptes  rendus  de  la  Societe  de  Biologie.  dome  04,  (1908),  p.  IIOS. 

2)  Gompare  the  data  in  A.  Putteh,  Organologie  des  Auges.  2nd  Ed.  Leipzig  1912. 
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tJie  braiti  wi(h  the  mass  ot  the  body,  wiiliiji  one  species,  as  well  as 
from  species  to  species. 

Still  it  remains,  however,  an  open  ipiestion  why  the  lengths  of  the 
images,  as  measured  by  the  number  of  sense-elements,  increase 

exactly  as 

In  order  to  tind  an  answer  to  it,  we  must  consider,  that  the  eye 
distinguishes  itself  fiom  the  other  senses  by  giving  at  a distance  a 
representation  of  the  exact  place  of  the  e.nergy-soiirce  that  acts  as  a 
stimulus.  Consequently  it  orientates  about  the  direction  from  which 
tint  stimulus  comes.  Object  and  image,  that  is  the  place  of  the 
stimulated  sense-elements,  answer  to  each  other. 

Uiidei:  these  circumstances  the  distance  to  the  objects  must 

exactly  stand  in  the  mentioned  relation  to  the  linear  dimension  of  the 
body.  Indeed  the  receptive  nerve-elements  of  the  retina  placed  in  the 
linear  dimension  of  the  image,  increase  then  numerically  in  the  propor- 
tion ot  LO-33...  ill  iiiy  1^,1111, the  linear  dimension 

as  their  mass  tor  the  surface  of  the  image  as  L'\  But  that  mass 
determines  the  a.nount of  the  transition  of  energy  that  is  connected 
with  the  stimulation  of  the  sense-elements. 

It  appears  now  that  the  long  since  known  intimate  connection  of 
the  organ  ot  vision,  as  exquisite  sense  of  room  finding  its  principal 
function  in  governing  the  movements,  can  be  expressed  in  a definite 
measure  1).  As  ni  the  movements  of  animals,  differing  in  the  size  of 
t leir  bodies,  Uie  mass  that  is  to  be  removed,  increases  in  the  pro- 
poition  of  L\  the  muscle-jiower  however  only  as  L\  an  Z-fold 
sensu-motorical  stimulation  is  required  for  it.  And  as  all  senses  are 
more  or  less,  as  the  optical  sense  is  absolutely,  organs  of  room 
their  receptive  elements  must,  in  the  aggregate,  increase  in  mass  in’ 


in  super- 


that  proportion  of  L,  that  is  in  linear  dimension  as 

- 2 

fieial  dimension  as  iJ,  or  >5’^  But  the  nerve-fibres,  the  peripherical 
extremities  of  which  are  connected  with  sense-elements  in  the  retina 
and  also  in  all  other  sensitive  surfaces,  and  the  corresponding  cell 

9 2 

masses  in  the  brain  must  increase  as  [/S-  = S^=z 

The  denominator  of  the  coeffleient  A ea„  thus  be  explained  as 

a^  relaUve  reduction  of  llm  brain  of  II, e larger  animal  |„oportio,ial 

B Id  a sinking  way  this  connection  is  demonstrated  by  Putter  (1  c no  85  et 
seq,  and  p.p.  402  et  seq ).  ^ ^ 
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to  llie  relative  reduction  of  the  sizes  of  its  images,  a diminution  of 
the  distance  from  tlie  objects  of  his  sphere  of  feeling  and  acting 
and  a diminnlion  of  tlie  rapidity  of  movement  in  proportion  to  the 
lengths  of  the  bodies. 

The  conclusions  we  have  thus  obtained  give  an  explanation  of  a 
number  of  otherwise  incom[)rehensible  deviations  in  the  value  of  the 
coeflicient  of  cephalisalion. 

For  Bats  I calculated  in  1897  a (mutual)  exponent  of  correlation 
of  0.66...  It  ap[>ears  that  it  can  be  ap[)lied  both  to  Macro-  and  to 
Microchiropteres.  A very  large  insectivorous  Bat  from  Dahomey 
(Scotophilus  gigas)  supplies  a welcome  control  and  alhrmation  of 
my  former  results,  lii  Bats  the  iulluence  of  the  eye  is  almost 
entirely  excluded.  The  senses  of  touch  and  hearing  determine  the 

(inantity  of  brain  and  the  factor  aS’^  " • or  ^ (lisap()ears.  Calculated 
with  their  own  exponent  of  correlation  the  coetlicient  of  cephalisation 
still  diminishes  for  the  two  phylogcnetically  different  groups,  of  which 
the  Microchiropteres  are  lowest. 

Kodeiits  deviate  mutually  considerably  in  the  values  of  their 
cephalisation.  This  cannot  be  explained,  as  Lapicque  surmises,  by 
dilferent  size  of  the  eye,  though  it  may  i)lay  in  some  cases  an  in- 
ferior part.  It  is  the  other  senses  especially,  which,  by  taking  the  lead  , 
in  the  nervous  life  of  the  animal,  determine  here  the  quantity  of 
brain.  According  to  numerous  evidences  the  cephalisation  of  the 
Brown  Rat  and  the  Black  Rat  and  likewise  that  of  the  Housemonse 
is  half  that  of  Hares  (and  Rabbits)  and  only  a third  part  of  that  of 
S(piirrels.  In  the  Hares  the  sense  of  hearing,  in  the  Squirrels,  the 
Desert .ler boa  (Dipus)  and  the  Carden  Dormouse  (Eliomys)  especially  the 
organ  of  touch,  on  account  of  its.  high  specification  (in  the  hand),  has 
caused  the  ii\crease  of  the  brain. 

The  value  of  k falling  very  low  in  Shrews,  is  trebled  with  the 
affined  East-lndian  Tu[)aja,  which  lives  like  the  Squirrel. 

Canides  have  about  twice  as  high  a cephalisation  as  Mustelides, 
on  account  of  the  greater  develoinnent  of  their  senses  of  hearing 
and  of  smell.  Among  the  last-mentioned  family.  Otters  are  hand- 
animals,  and,  for  that  reason,  they  surpass  very  considerably  the 
other  Mustelides  in  their  cephalisation.  They  reach  the  rank  of  Canides. 

The  Elephant  surpasses  the  other  Hoofed  Mammals  three  times  in  ce- 
phalisation. He  ranks  even  much  higher  than  the  Anthropoid  Apes.  He 
owes  this  to  his  trunk,  which  has  become  a pr'ehensile  and  touch 
hand,  with  high  “specific  energies”,  and  [)Ossesses  the  same  combina- 
tion with  a chemical  organ  (here  of  smell)  as  the  feelers  of  Ants. 
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Some  of  the  American  Monkeys  (Ateles),  which  are  higher  cephalised 
than  the  Monkeys  ot  tlie  Old  World,  not  excepted  the  Anthropoid 
Apes,  obtained  a third  prehensile  and  touch  hand  in  their  tail. 

Man  certainly  likewise  owes  his  high  rank  to  his  hand;  his 
cephalisation  is  almost  equal  to  nearly  four  times  that  of  Anthropoid 
Apes,  consequently  he  has  risen  still  higher  above  the  latter,  than  the 
Squirrel  above  the  Rat,  or  the  Elephant  above  the  other  Hoofed  Mammals. 

Even  in  the  Amphibia  we  see  the  cephalisation  of  the  Treefrog 
which  uses  its  fore-teet  as  hands,  increasing  considerably. 

Among  Birds,  Owls  have  a high  cephalisation,  not  so  much  on 
account  of  their  large  night-eyes,  which  cause  only  an  enlargement 
of  the  images  on  the  retina  (in  comparison  with  the  Day-Birds  of 
Prey),  without  augmentation  of  central  nerve-cell  mass,  but  on  account 
of  the  extremely  developed  sense  of  touch  in  the  skin  and  their 
very  quick  ear.  The  touch-corpuscles  at  the  base  of  the»  feathers  are 
incredibly'  numerous. ') 

The  Parrots  owe  the  high  value  of  their  k to  their  handlike  paw 
and  pincerlike  beak. 

In  all  these  cases  greater  influence  of  the  factor  - by  speci- 
fication of  the  organ  of  touch  occurs. 

The  compai-atively  high  cephalisation  of  Sea-Mammals,  usually 
represented  exaggerately  (as  few  full-grown  animals  have  been 
examined),  and  that  of  the  Hippotamus,  however  low  in  the  general 
organisation  of  the  nervous  system,  can  now  easily  be  explained. 

According  to  the  evidence  now  available,  the  coefficient  of  cepha- 
lisation  of  Seals  can  be  computed  at  0.6,  that  of  Toothed  Whales 
rOdontocetes)  at  0.7  and  that  of  Whalebone  Whales  (Mysticetes)  at 
0.4.  Seals  owe  their  high  ce[)halisation  certainly  parthj  to  the 
specifically  high  development  of  their  sense  of  touch.  But  Odontocetes, 
whose  cephalisation  is  equal  to  that  of  Anthropoid  Apes,  lack 
certainly  a similar  high  development  of  the  organ  of  touch.  They 
distinguish  themselves  from  the  plankton-eating  Whalebone  Whales 
by  seeking  their  subsistence  at  usually  greater  depth,  even  to  where 
perfect  darkness  prevails.  In  connection  with  this  fact  their  eye  is 
smaller  than  that  of  Mysticetes,  but  they  possess  a still  more  developed 
sense  of  hearing  than  the  latter;  in  the  quiet  water  of  the  great 
deep  this  organ  can  function  perfectly  as  a sense  of  room.  In 
all  these  Water-Mammals,  but  mostly  in  the  Odontocetes  amongst  them, 
the  ear  is  the  most  important  organ  ^).  It  is  doubtless  the  crepuscular 


b.E.  KiisTER,  Morphol.  Jalirb.  Btl. 
-)  G.  Boenninghaus.  Das  Ohr  des 
(1904).  p.  338 — 339,  — Compare  0. 


34.  (1905),  p.  126. 

Zahnwales.  Zoologisclie  Jahibucher.  Bd.  19 
Abel,  Palaeobiologie.  Stuttgart  1912,  p.  458. 
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liglit  jirevailing  in  the  water  that  makes  other  senses  than  the  optical 
one  predominate  in  tliese  Mammals,  as  likewise  in  the  Fishes,  and 
probably  in  the  Crocodiles  (hearing  very  ipiick),  in  comparison  with 
Amphibia  and  most  Reptiles.  In  the  Fishes  also  the  olfactory  organ 
and  especially  the  sense-lines  are  predominant.  This  has  caused 
angmentation  of  the  quantity  of  brain,  because  the  surfaces  of  the 
mentioned  predominating  organs  of  sense  (in  opposition  to  the  eye, 
which  forms  definite  images)  increase  simply  projiortional  to  the  super- 
ficial dimension  of  the  animal  (consequently  with  the  exponent  of 
correlation  0.66.  . .).  So  in  these  animals  a veiy  considerable 
increase  of  the  quantity  of  brain  does  not  signify  a high  degree 
' of  organisation.  Calculated  by  means  of  the  ex[)onent  of  correlation 
0.66...)  h becomes  for  Whalebone-Whales  0.07,  for  Toothed  Whales 
0.20  and  for  Seiils  0.18. 

In  the  Snakes  and  the  Slow  Worm  and  likewise  in  the  Eels,  on 
the  contrary,  the  great  length  of  the  body  is  the  cause  of  the  low 
value  of  k,  though  this  does  not  therefore  indicate  an  inferior  degree 
of  organisation.  In  proportion  to  the  weight  of  the  body  the  not 
specialised  segmental  sensn-motorical  unities  are  loo  equivalent  for 
a representation  in  the  bi-ain,  pro[)orlional  to  that  of  other  Reptiles 
and  Fishes.  The  l)ody  becomes  thereby,  as  if  were,  to  a certain 
amount,  a ballast  for  the  brain.  This  is  in  a more  literal  sense  the 
case  in  the  Tortoises.  In  the  shell-bearing  Vertebrates  and  also  in  the 
elongated  animals  the  intlnence  of  the  factor  in  the  analysis 

has  thus  diminished.  In  the  Eels  a second  cause  of  diminntion  of  the 
quaniity  ot  brain  exists  moreover,  in  iheii' life  as  animals  of  darkness, 
l)y  the  disa[)pearance  for  the  greater  part  of  the  eye-factor  S^'~^  in 
the  analysis  1j  and  at  the  same  time  of  tlie  eye-factor  in  the  analysis 
.1  (as  in  the  Hats).  On  account  of  the  latter  civcnmstance  their  r 
becomes  — 0.66. 

The  influence  of  the  not  segmentally  constituted  eye  in  itself 
remains  iri  all  cases  resti'icted,  from  the  nature  of  the  factor 
which  depends  on  it,  and  is  thus  less  capable  of  increase.  Even  the 
Hoi'se,  which  possesses  an  absolutely  larger  (day-)  eye  than  the 
Elephant,  rises  still  little  above  the  average  level  of  k for  Mammals. 
On  the  other  hand  can  the  other  factor  the  segmental  factor 

in  analysis  Jk,  grow,  as  it  were,  endlessly  with  the  development  of 
“specific  sense-energies”  in  the  ditferent  segments.  The  tactile  organs 
have  therefoi’e  always  the  lead  with  the  highei'  organisation  of  the 
nervous  system.  25  November  1913. 


